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Filaggrin is a histidine-rich matrix protein of keratin-
ized epidermis. Filaggrin is synthesized as a high-Mn 
phosphorylated precursor, profilaggrin, that is pro-
cessed to form the lower-Mr product present in cornified 
cells. This study reports the identification of profilag-
grin in human epidermis and in unusually well-differ-
entiated cultured human keratinocytes with the use of a 
polyclonal antihuman filaggrin antiserum. 
Polyclonal antiserum raised against human filaggrin 
stained keratohyaline granules and stratum corneum in 
tissue sections of human skin. Analysis of epidermal 
extracts showed an immunoreactive low-Mr band 
(37 ,000), previously identified as filaggrin, and an im-
munoreactive high-Mr band (>220,000). Both [32P) 
phosphate and PHJhistidine were incorporated into the 
high-Mr band after pulse labeling for 3 h. After a 15-h 
chase, [3 H]histidine, but not [32P)phosphate appeared in 
filaggrin. 
Human foreskin keratinocytes cultured on a 3T3 
feeder layer were unusually well differentiated. Numer-
ous well-formed keratohyaline granules, complete des-
mosomes, lamellar granules, and cornified cell enve-
lopes were observed. Immunofluorescence with antihu-
man filaggrin antiserum showed a granular staining 
pattern in the more stratified cells. Extracts of cultured 
cells contained a diffuse high-Mr immunoreactive band 
but no immunoreactive equivalent of filaggrin. 
These studies suggest that human skin filaggrin, like 
rodent filaggrin, is synthesized as a high-Mro phospho-
rylated, histidine-rich precursor (profilaggrin) that is 
processed via posttranslational modification to filag-
grin. In human keratinocyte cultures a similar high-Mr 
precursor is present, but evidence of processing to the 
lo-w-er-Mr product, filaggrin, is lacking. 
Filaggrin is a histidine-rich, cationic protein found in the 
stratum corneum of the epidermis, where it is thought to 
function as the interfilamentous mat rix protein [1]. In rodents, 
filaggrin is synthesized as a high-M, highly phosphorylated 
precursor (profilaggrin, (>300,000) [2-4] that is apparently 
located in kerato hyaline granules [5). Profilaggrin is subse-
quently proteolyzed to the lower-M, product, filaggrin (49,000 
in rat, 26,500 in mouse (6)). 
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Lynley and Dale isolated human epidermal filaggrin and 
showed it migrated as a doublet of M, approximately 37,000 on 
sodium dodecyl sulfate (SDS)-polyacrylamide gels [7]. Anti-
serum raised against rat filaggrin stained keratohyaline gran-
ules and stratum corneum in both rodent and human skin [7). 
Evidence for profilaggrin in human skin using labeling studies 
and in vitro assembly of macrofibrils from purified keratin 
filaments was reported by Harding and Scott [8). 
Biochemical evidence for filaggrin [9- 11] and profilaggrin 
[11) in cultured rodent keratinocytes has been recent ly pub-
lished. "Keratohya!ine-like" granules have been demonstrated 
in an unusual newborn rat keratinocyte cell line (10). However, 
until now only t he inconsistent presence of a morphologic 
marker for profilaggrin , keratohyaline granules, has been noted 
in cultured human keratinocytes (12,13). 
The present study was undertaken to provide additional 
evidence for profilaggrin in human skin and to demonstrate its 
presence in cultured human epidermal keratinocytes with the 
use of a polyclonal antihuman filaggrin antiserum. Because this 
culture system yields unusually well-differentiated cells, details 
of the methodology are included. 
MATERIALS AND METHODS 
Preparation of Polyclonal Rabbit Antihuman Filaggrin Antibody 
Polyclonal antiserum to human !ilaggrin was elicited in rabbits using 
the 37 kD doublet from the final stage of human !ilaggrin purification 
[7]. The antiserum was absorbed twice with human dermis prior to use. 
lmmunolocalization of Filaggrin in Human l!,pidermis 
Carnoy's-fixed biopsy samples were incubated in antihuman filaggrin 
antiserum and bound antibody was visualized witb an avidin-biotin-
peroxidase procedure [14], as previously described [15]. 
Organ Culture 
Human neonatal foreskins were obtained from the neonatal unit at 
the University of Washington. Four-millimeter punch biopsies o~ the 
tissue were pulse- labeled for 1 or 3 h at 36.7·C in a hum1d1fied 
atmosphere of air and 5% C02 with [3H]histidine ([3H]His) (ICN, 
Irvine, California, 50 JlCi/ ml, 29 Ci/mmol) in histidine-free Dulbec~o's 
modified Eagle medium (DMEM, low glucose, GIBCO Laboratones, 
Grand Island, New York) or with [32P]Na2HPO, (New England Nu-
clear, Boston, Massachusetts, 100 JlCi/ml) in phosphate-free DMEM. 
For the chase, radioactive medium was removed, the biopsy was washed 
twice in "complete medium" (DMEM, 20% fetal calf serum [Hy-Clone, 
Logan, Utah]. 0.4 Jlg/ml hydrocortisone, 100 U penicillin- 100 Jlg strep-
tomycin/ ml) and incubated in complete medium for 15 h. 
Biopsies were washed twice in Dulbecco's Ca 2+,Mg2+·free phosphate 
buffered saline (PBS) , the epidermis was separated from dermis in 100 
mM EDTA pH 7.3 at 5o·c and homogenized on ice in a Dual! (Kontes, 
Vineland, New Jersey) in either 8 M urea, 50 mM Tris pH 7.6, 100 mM 
dithiothreitol, 0.13 M 2-mercaptoethanol, 100 Jl g/ml phenylmethylsul-
fonyl fluoride (PMSF), 100 Jlg/ ml aprotinin (Boehringer Mannheim, 
Indianapolis, Indiana) (urea-Tris) or in 1.5 M KCI, 10 mM NaCl, 2 mM 
dithiothreitol, 0.5% Triton X-100, 10 mM Tris pH 8.0, 0.5 mM PMSF 
(high-salt buffer) [16] . 
SDS-Polyacrylam.ide Gel Electrophoresis, Electrophoretic Transfer of 
Proteins to Nitrocellulose, and Immunoperoxidase Staining of 
Tran4erred Proteins 
Extracted proteins were separated by electrophoresis in discontin-
uous slab gels [17] with 3% stacking gels and acrylamide gradients of 
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4- 15% or 7.5- 15%. A linear gradient mixer was employed to pour gels. 
Radiolabeled proteins were identified by fluorography [18,19] or ra-
dioautography of dried gels or of electrophoretically transferred pro-
te ins. Proteins separated by electrophoresis were electrophoretically 
transferred onto nitrocellulose paper by the method of Towbin et al 
[20] with the exception t hat the t ra nsfer buffer contained 0.02% SDS. 
Immunoblots were visua lized by the peroxidase-antiperoxidase method 
(20 J as previou&ly described [15]. Rabbit antihuman filaggrin antiserum 
was diluted 1/800, goat a nt irabbit IgG was diluted 1/50. 
Kera.tinocyte Culture 
Human foreski n keratinocytes were cul tured by the method of 
Rheinwa ld a nd Green [21,22] with t he fo llowing modifications: Fore-
skins were washed 3 times in HEPES-buffered saline (HBS) [23], 
subcutaneous tissue was t rimmed away, the tissue was stretched on 
sterile filter paper and incubated in 0.05% trypsin-0.2% EDTA 
(GIBCO) overnight at 4"C. Epidermis was manually separated from 
dermis, washed in HBS, a nd t he epidermal cells dissociated by repeated 
pipetting in trypsin-EDTA. Floating stratum corneum was removed, 
the solu tion was centrifuged at 500 g for 5 min, and pelleted cells were 
resuspended in "complete medium" containing 10-10 M cholrea toxi n 
(Calbiochem, La Jolla, California) a nd plated. 
The DMEM was reconstituted from powdered medium in Type I 
water (Milli -Q, Millipore, Bedford, Massachusetts). After NaHC03 was 
added, t he medium was titrated to pH 6.7 with 1 N HCI and sterile 
filtered. Final pH of the DMEM after filtering was 6.9, pH of complete 
medium was 7.28, the pH of complete cultu re medium after 12-h 
incubation at 36.7•C in 5% C02 was 7.48. 
Keratinocytes were plated at 7 x 103 ce lls/cm 2 in culture-grade petri 
dishes (Corning, Oneonta, New York) in which mitomycin C-treated 
[22] 3T 3 cells (mouse lung embryon ic fibroblasts, CCL-92, American 
Type Culture Collection, Rockville, Maryland) had been seeded at 2 X 
104/cm 2 • Cu ltures were incubated at 36.7•C in a humidified atmosphere 
of a ir and 5 % C02 and were fed twice weekly. A quantity of 10 ng/ml 
medium of epidermal growth factor (Culture grade, Collaborative Re-
search, Waltham, Massachusetts) was added to cultures 3-5 days afte r 
plating. Cultu res were spli t with t ryps in-EDT A while subconfluent and 
seeded on fresh 3T 3 cells in t he same medium with the except ion that 
t he concentration of fetal calf serum was reduced to 10%. 
3T3 cells were grown in DMEM with 10% calf serum (GIBCO) 100 
U penicillin -100 llg streptomycin/mi. The 3T3 cells were passaged 
weekly. 
After was hing twice with cold HBS, cultured cells were harvested 
for biochem ical procedures by scraping from t he dish in 500 Ill cold 
HBS wit h a silicone policeman. Harvested cells were centrifuged 1 min 
in a microfuge at 4 · c and t he pellet extracted in 500 Ill urea-Tris or 
high-salt buffer at 4•c. Polyacrylamide gel electrophoresis, electropho-
retic transfer of proteins to nitrocellulose paper, and immunoperoxidase 
staining of proteins were ident ical to t hose performed with organ 
culture epide rmal extracts. 
Morphology of Cell Cultures 
Cell cult ures were prepa red for li ght a nd electron microscopy as 
previously described [24 ]. Thick sections were stained by t he method 
of Richardson et a! [25j for light microscopy. T hin sections were 
examined with a P hilips 420 t ransmission electron microscope. 
Jmmunolocalization of Filaggrin and Filaggrin Precursor in Cultured 
Cells 
Keratinocytes were cultured on 22-mm 2 coverslips. Dishes were 
rinsed in cold PBS, flooded with -2o· c methanol, and incubated at 
-20"C for 10 min. The coverslips were dipped in -2o·c acetone, then 
a ir dried. 
For immunofluorescent staining, coverslips were washed in 
Ca 2+,Mg2+ -free PBS, 0.02% Na azide containing 4% bovine serum 
albumin (d ilu t ion buffer), t hen incubated with normal goat serum 
(1/10 dilu tion) for 30 min at room temperature. After washing in 
dilution buffer, the coverslips were incubated wit h polyclonal rabbit 
antihuman filaggrin a nt iserum (1/100 dilution) or cont rol preimmune 
serum for 60 min at room temperature. After extensive washing, 
fluorescein -conjugated goat antirabbit antiserum (75-150 !J.g/ml, Cap-
pell Labo ratories, West Chester, Pennsylvania) was added for 30 min. 
The coverslips were washed 3 t imes with dilution buffer, twice with 
PBS, ai r dr ied, a nd mounted on a slide with 90% glycerol, 10% PBS, 
0.02% azide. S lides were observed a nd photographed immediately wi th 
a Zeiss Research Microscope equipped with epifluoresenee using a 440-
449 nm excitation filter and a 540- nm barrier filter. 
RESULTS 
Filaggrin and Profilaggrin in Human Foreskin 
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Antiserum against human filaggrin reacted with tissue sec-
tions of human skin, stainng cells in the granular layer and in 
the stratum corneum (Fig 1), similar to polyclonal rabbit antirat 
filaggrin antiserum [7]. Extracts of human foreskin epidermis 
showed a low-M, doublet (37,000) that reacted with antihuman 
filaggrin antiserum on nitrocellulose blots (Figs 1, 2). The 
37,000 M, protein reacting with ant iserum to human filaggrin 
migrated identically with the protein ident ified by rodent an-
tifilaggrin antiserum [7] . However, a high-M, (>220,000) pro-
tein band was also stained by ant ihuman filaggrin antiserum 
but not by antirat filaggrin antiserum (Figs 1, 2). Furthermore, 
antihuman fil aggrin antiserum (1/1000 dilution) produced a 
more intense reaction than did more concentrated antirat filag-
grin antiserum (dilution 1/200) on tissue sections of human 
skin and on immunoblots of extracts of human epidermis (Fig 
1) [7] . No staining of human skin sections was seen with 
preimmunization serum (data not shown). Antiserum against 
human filaggrin reacted poorly with sections and extracts of 
rodent skin [26]. 
Both [3H]His and [32P ]phosphate were incorporated into the 
high-M, immunoreactive protein after pulse labeling for 3 h 
(Fig 2). After a 15-h chase [3H]His appeared in t he 37,000 M, 
immunoreactive band. However, no appearance of (32P]phos-
phate into the low-M, immunoreact ive protein was seen (Fig 
2). The majority of the nonimmunoreact ive labeled bands co-
migrate with and react with monoclonal antibodies raised 
against keratins [27] . 
Profilaggrin in Cultured Human Foreskin Keratinocytes 
Cultured human foreskin keratinocytes formed a stratified 
epithelium in which all layers of the in vivo epidermis were 
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FIG 1. Immunolocalization of fil aggrin in human skin epidermal 
extracts and sections using antiserum to huma n and rat fil aggrin. Urea-
Tris extracts of human foreskin epidermis were prepared, and extracted 
proteins were separated on 7.5-15% gradient polyacrylamide gels and 
blotted onto nit rocellulose (see Materials and Methods ). a, Coomassie 
Blue-stained polyacrylamide ge l. b, Peroxidase antiperoxidase visual-
ized immunoblot using rabbit ant ihuman filaggrin antiserum (di lution 
1/800). In a parallel extract, t he high-M, immunoreactive protein was 
undetectable and 37kD doublet was barely stained with a 1/200 dilution 
of rabbit antirat antiserum (data not shown). c, Filaggrin localization 
by immunoperoxidase techniques using rabbit antihuman fi laggrin 
antiserum (dilution 1/1000) on human neonatal foreskin (see Materials 
and Methods) . Note that staining is restricted to the cells of t he 
granular layer and stratum corneum. No staining was seen with control 
preimmune serum. x 320. F, filaggrin; P, profilaggrin; K, keratins; C, 
stratum corneum; G, granular layer. Heauy arrows identi fy the dermal-
epidermal junction. M, markers: ferritin subunit, 220,000; phosphoryl-
ase b, 94,000; bovine serum albumin, 67,000; ovalbumin, 43,000; car -
bonic anhydrase, 30,000. 
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FIG 2. Radiolabeling of profilaggrin and filaggrin in organ culture. 
Biopsies of human foreskin were incubated for 1 or 3 h in [3H]His or 
[ 32P]phosphate a nd chased for 15 h. Approximately equal loadings of 
proteins in epidermal urea-Tris extracts were separated on 4- 15% 
gradient SDS polyacrylamide gels and were visualized by Coomassie 
Blue staining {a-c ), by peroxidase antiperoxidase treatment of immu -
noblots using antihuman filaggrin antiserum (d-(), by nuorography (g-
i), and by radioautography (j,h) (see Materials and Methods). a,d,g, 
One-hour labeling; b,e,hj, 3-h labeling; c,f,i,h, 3-h labeling followed by 
15- h chase. g-i, [3H]His labeling;j and h, [32P]phosphate labeling. Note 
that profilaggrin (P) is labeled by both [3H]His and (32P]phosphate but 
only the [3H]His level is chased into filaggrin (F). P, profilaggrin; F, 
filaggrin; K, keratins. M , markers identical to Fig 1. 
recognized (Figs 3, 4). Keratohyaline granules (Figs 3a,b, 4a,c), 
cornified cell envelopes (Fig 4b), complete desmosomes (Fig 
4b,c ), and lamellar granules (Fig 4c) were present; however, the 
majority of the cornified cells still retained nuclei. Indirect 
immunofluorescence of cultured cells with antihuman filaggrin 
antiserum showed large, irregularly shaped granules filling the 
cells with the exception of the nucleus (Fig 5). The immuno-
reactive granules were in large polygonal cells that appeared to 
be in the upper, more superficial layers of the cultured cells 
when examined by a microscope equipped for performing both 
phase and fluorescence microscopy on the same field (data not 
shown). The smaller basal cells did not stain. 
High-salt extracts of cultured keratinocytes contained a dif-
fuse high-M, band that reacted with antihuman filaggrin anti-
serum on nitrocellulose blots, but no immunoreactive equiva-
lent of filaggrin was seen (Fig 6). Urea-Tris extracts of epider-
mis and cultured epidermal cells produced a similar reaction 
pattern on immunoblots, but the band was less distinct and 
such extracts contained keratins in addition to profilaggrin and 
filaggrin. 
DISCUSSION 
We have demonstrated a high-M, precursor of human filag-
grin (profilaggrin) in human epidermis by radioisotopic labeling 
studies and the use of a new polyclonal antiserum raised against 
human filaggrin. In addition we have displayed an unusually 
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FIG 3. Human foreskin keratinocyte culture light microscopy, a, En 
face section of a culture, revealing a granular layer immediately bel_ow 
the top layer of the culture. x 400. b, Cross section of a culture, showmg 
all cell layers of the in vivo epidermis. x 370. C, cornified cells; G, 
granular cells; S, spinous cells; B, basal cells. 
well-differentiated culture system for human epidermal kera-
tinocytes and have identified immunologically reactive profi-
laggrin in a granular distribution in the cultured epidermal cells 
and in immunoblots of cultured cell extracts. 
This report further defines the reaction of a polyclonal an-
tihuman filaggrin antiserum against normal human skin [15]. 
Monoclonal antibodies that react with keratohyaline granules 
and possibly with profilaggrin have been reported in abstract 
form, but few details are available (28- 30]. One of th_e mo:w-
clonal antibodies we have raised reacts in a manner identical 
to that of the polyclonal antiserum described in this paper [30, 
unpublished results]. Immunolocalization of filaggrin and pr~­
filaggrin in human epidermis with the new polyclonal anti-
serum is identical to that we (7] and others [31] have reported 
using rabbit antirodent antiserum; both the granular !ayer and 
the stratum corneum are stained by this antiserum (Fig 1). The 
antihuman filaggrin antiserum weakly stains rat and mo~se 
filaggrin and profilaggrin in tissue and in gels [26], suggestmg 
that the antigens have limited cross-reactivity, or that the two 
antisera identify different antigenic sites. The ~d~antage ?f 
this new antiserum over antibody to rat filaggr1!1 IS t~at, I!l 
addition to filaggrin, the antihuman filaggrin antibody Identi-
fies the high-M, precursor of human filaggrin, human profilag-
grin (>220,000), on blots of SDS gels (Figs 1, 2). . 
The identity of human profilaggrin was confirmed by labehng 
in organ culture with both (3H]His and [ 32P]p~osphate; with 
subsequent time in culture the phosphate label I~ lost and ~he 
(3H]His label is chased into the filaggrin band (Fig 2), consist-
ent with the well-documented difference in phosphorylation of 
profilaggrin and filaggrin in rodents [2-~]. T~e apparen~ in-
crease in the amount of label in filaggrm (Fig 2, lane t) as 
opposed to profilaggrin (Fig 2, lanes g and h) supports the 
hypothesis that label passes transiently through precursor, 
accumulating in product. The time point (Fig 2, lane i ) was 
taken before filaggrin is further degraded (32]. Both [3H]His-
Jabeled forms of the protein react with antibody raised against 
human filaggrin (Fig 2). Harding and Scott [8] have demon-
strated a similar high-M, protein in human skin that incorpo-
rates both (3H]His and (32P]phosphate and is dephosphorylated 
and proteolyzed to filaggrin. The findings we report here con-
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firm and extend those of Harding and Scott using immunoblot 
techniques. 
The human keratinocyte cultures we describe are unusually 
well differentiated (compare wit h [12)). Complete desmosomes, 
large numbers of lamellar granules, and angular, well-formed 
keratohyaline granules with tonofilaments coursing t hrough 
them are present in large suprabasal cells, although keratini-
zation is not complete as judged by retention of nuclei. Only 
epidermal cells cultured at high density and in the presence of 
subepidermal connective tissue [33,34] display a more com-
pletely differentiated, well-stratified, anucleate stratum cor-
neum. Previous morphologic studies of cultured human kera -
Linocytes (with the exception of [33,34]) have shown only 
sparse, globular keratohyaline granules unassociated with tono-
filaments, incomplete desmosomes, and rare lamellar granules 
[10,12,21,35]. In addit ion to the morphologic findings described 
above, we have shown that these cultured cells express the 67 
kD kerat in [27], another biochemical marker of epidermal 
diffe rent iation not previously found in human epidermal kera-
tinocytes cul tured in this manner in the presence of epidermal 
growth fac tor and cholera tox in [36] . We cannot explain our 
morphologic and biochemical observations, but they have been 
observed consistently over the past 2 years in over 100 primary 
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FIG 4. Human foreskin keratinocyte 
culture ultrastructure. a, Cross section 
of the upper culture layers revealing ker-
atohyaline granules. x 7440. b, Cross 
section of a culture showing multiple 
desmosomes and cell layers with corni-
fied cellular envelopes in the upper 5 
cells layers. X 9800. c, Enlargement of a 
granular cell in the culture showing mul-
tiple angular keratohyaline granules 
with associated keratin (tono-) fila-
ments, complete desmosomes (inset, 
left), and multiple mature lamellar gran-
ules (inset, right). X 3500; inset left , x 
57,000; inset right, X 41,000. KHG, ker-
atohyaline granules; CCE, cornified cel-
lular envelopes; DES, desmosomes; LG, 
lamellar granules. 
cultures and in the cell lines from them. The few ways in which 
our culture methods differ from those published are detailed in 
Materials and Methods. We are actively investigating the fac-
tors that control such differentiation. 
The antibody to human filaggrin is also useful for identifi-
cation of filaggrin-related proteins in cultured keratinocytes. 
The cultures shown here have a large population of filaggrin-
immunoreactive granules, and culture extracts contain a diffuse 
high-M, immunoreactive protein band (Fig 6). Thus, profilag-
grin, but not filaggrin, is present in the human keratinocyte 
cultures. It is localized in granules in large flattened cells, a 
localization consistent with that of keratohyaline granules ob-
served by electron microscopy in the cultures and in situ in the 
epidermis. The M, of the immunoreactive band from the cul-
tures encompasses a range of approximately 200,000 to greater 
than the size of profilaggrin (compare Fig 6 with Figs 1 and 2). 
We have been unable to tighten the band using multiple pro-
tease inhibitors or other extraction techniques and therefore 
cannot attribute the diffuse nature to proteolysis. The profilag-
grin observed may reflect an artifact of blotting or may reflect 
a defect in profilaggrin processing [32] in vitro. The latter 
would also explain the absence of filaggrin in cultured epider-
mal cells. Apparently, profilaggrin is produced and processed 
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F IG 6. Human foreskin keratinocyte culture profi laggrin . a, Coom· 
assie B lue-stained 7.5-15% polyacrylamide geL b, Immunoblot of a 
huma n foreskin keratinocyte culture high-salt extract (see Materials 
and Methods) showing a diffuse, high-M, weight, fil aggrin -reactive band 
(P). M, markers identical to Fig 1. 
to filaggrin in some in vitro s it uations [29]. Perhaps wit h 
further improvement of morphologic diffe rentiat ion t he cul -
tured cells will exhibit improved biochemical differentiation 
(i .e., p rocess ing ofprofi laggrin to filaggrin). Such improvemen ts 
await better understanding of t h e biochemical a nd physical 
facto rs cont ro lling human epide rmal differe nt iation in vitro. 
A well-differentiated culture system in which huma n keratin-
ocytes can be plated at low density and passaged several t imes 
offers obvious advantages for in vitro study of huma n epidermal 
differentiation. The human keratinocyte cult ure system we 
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FIG 5. Indirect immunofluorescence 
of cultured cells. Epidermal cells were 
grown on coverslips and ant ihuman fi. 
laggrin ant iserum or preimmune control 
serum was used fo r indirect immunoflu-
orescence (see Materials and Methods). 
a, Rabbit antihuman filaggrin anti· 
serum. Reduced from x 400. b, Control 
preimmune serum. Reduced from X 400. 
Arrows identify areas of nuclear sparing. 
describe presents a potential system for in vitro study and 
manipulation of the late markers of keratinization including 
t h e processing of human profilaggrin to filaggrin . 
We wish to thank Cheryl Blomquist, Janet Kimball , and Mary Hoff 
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